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1. The Development of an Analytical Approach to Quantitate Tricyclic
Aromatics in Diesel Fuels

In this phase of the study attention focused on extending the LC-1HNNR

(1-5) approach to the characterization of tricyclic aromatics in typical fuel

samples (e.g., diesel fuels). We previously established that the normal phase -

liquid chromatographic columns* normally employed in the LC-1HNMR approach are

usually adequate to allow separation of tricyclic aromatics. The major

limitation is the sensitivity of the 1H NMR detector in the LC-1H NMR OIL -.. 4

approach. For example, tricyclic aromatics at concentrations below -0.5% in

the fuel are difficult to detect and quantitate utilizing LC-1HNMR. In the

first year of this study, considerable effort was directed at improvements in

the LC- H NMR flow cell design (7,8). However, operation of superconducting

NMR solenoids at higher field strengths (e.g., 9.4T, 1H at 400 MHz) is a more

direct way of alleviating this sensitivity problem. With the present 4.7T

(200 MHz) LC-IH NMR system sensitivity limits of -0.25% for the tricyclic

aromatics appears reasonable. ,.-. ..

The average composition method (5) which was previously limited to

alkanes, monocyclic aromatics, and dicyclic aromatics has now been expanded to

inciude tricyclic aromatics. The "average structure" expressions for

fluorenes and phenanthrenes parallels the expressions previously derived for

the monocyclic and dicyclic aromatic fractions (5). The normalization

equation for fluorenes has the same form as that for naphthalene (see 2

below), the constant for phenanthrene is given by equation (1) below. .

Np  (Cun Csub)/10 [1]

* For example, Whatman-9 silica gel PAC column (500 mm x 9 mm i.d.)

2 ~~.-..;...-,...,-
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NF (f f / 2
N (un +Csub) 8C2

Both fluorenes and phenathrenes have four bridgehead carbons (equations

3 and 4).

f f fCNF = (Cun + Cub )/2 [3]

BH un sub

CPH (C n + CPub)/2. [41..-,..-

BIH = un + sub>2541"" ""

The proton spectral region for the case of alkyl substitution in fluorenes and

phenanthrenes is determined in a similar manner to the previously described

method for naphthalenes(5). In the case of fluorene, alkyl substitution at

the methylene bridge between aromatic rings wasn't considered. The bridging

methylene is reported as a part of the methylene carbon a to an aromatic ring

(C CH2). The expression for determining the bridging methylene is shown

below.

CBM =(Cun + Csub)/8 [5]

As in the cases for monocyclic and dicyclic aromatics the equations

assume that no branching exists past the a position. All substituted carbons

are then determined in the same manner as previously reported (5).

The fractional aromaticity equation has been expanded to include

tricyclic aromatics (4 and fR).

fa fam + fad + fa + fap  [6]

The fraction of total carbon in each chromatographic peak (relative to the

entire sample) has also been changed to reflect the presence of tricyclics

3
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(FftotalC and toa1p The value for the alkane fraction is still obtained by

difference.

totalC ... totalC - F.ota.C - .otalC - F-otalC['

* During the last 2-3 years, we have reported tricyclic aromatic data for

various fuels based on the above procedure (9). In order to test the level of

agreement of this approach as well as establish the lower limits of detection,

a fuel (85-06) not containing appreciable levels (>0.25%) of tricyclic

SP aromatics was purposely doped with 1% (w/w) fluorene and phenanthrene.

Figures la-e and 2a-e illustrate the LC- 1H NMR profiles for fuel (85-06) in

the absence and presence, respectively, of 1% (v/v) fluorene and phenanthrene.

It is clear that the only difference in these figures (Figure 1 vs 2) is the

additional peaks in Figures 2d and 2e attributable to fluorene and

phenanthrene. Tables I and 11 provide the average molecule data for fuel 85-

U 06 (doped and undoped) which also indicate reasonably good agreement. _

However, impurities in the alkane region appear to slightly alter the average

molecule properties for nionocyclic and dicyclic fractions for the two separate

W experiments. More importantly, the measured weight % data values of 1.1 and

;L,,

1.1 for the phenanthrene and fluorene are in excellent agreement with the

doped levels of 1.0% for each, respectively. It should also be noted that the

average molecule data for both tricyclics contain background 1H NMR signals in

the alkyl region (0.5 - 2 ppm). Once again, these data suggest alkyl

contributions to the average tricyclic molecule data which are obviously not

present. However, the level of agreement is still quite remarkable for fuels

* at the 1% level. Furthermore, all toa and F~a values indicate a high

level of agreement for the two experiments (see Tables I and II).

In a second experiment, fuel (85-06) was also doped at the 0.5% level. . ,

Figure 3 illustrates the corresponding (S/N) levels for this sample for the

4
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fluorene "slice" of the LC- 1H NMR profile. This is also compared with the

0 previously doped sample at the 1% level. From this data we estimate that with

- present instrumentation, the limits of detection for tricyclic aromatics is 4 ;

- -0.25%. Finally, it should be noted the 0.5% level provided measured values

of 0.6% and 0.7% for fluorene and phenanthrene, respectively. These values

are in fair agreement, especially in view of the background problem noted

: above. Representative parameters for tricyclic aromatics are illustrated in

Figure 4. A copy of the modified program for inclusion of tricyclic aromatics

is also given in Appendix I.

II. The Development of an Analytical Approach to Quantitate Unconjugated
and Conjugated Alkenes in Diesel Fuels

Various research groups have suggested methods to chemically

characterize and identify alkenes in fuels. However, new analytical .

methodology is still highly desirable. There are two major problems in

characterizing the alkene content in fuels. Typically, most fuels exhibit low

alkene concentrations (i.e., <1%) and chromatographic separation from other

chemical classes (e.g., alkanes and monocyclic aromatics) is difficult to

achieve. The latter problem is undoubtedly the more formidable one.

Therefore, we focused attention on this problem during the first phase of this

study.

It is well known that Ag® ion can reversibly complex with alkenes as

illustrated below for cyclohexene.

9 +A Ag.

5I
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Various chromatographic separations of alkenes have been reported in the ,

literature(10-12) for AgN0 3 impregnated chromatographic columns. Thus, one

would anticipate that AgNO 3 chromatographic columns might allow efficient

separation of alkenes from other hydrocarbon classes in fuels (e.g., alkanes

m and monocyclic aromatics). The specific experiments performed in this phase

of the study are outlined below.

A. Attempted Separation of the Alkene Fraction in Fuels by AgNO 3
Impregnated Chromatographic Columns

The experiments outlined below utilized a simple model mixture which

hopefully, simulates the chromatographic properties of a typical fuel. The

model mixture contained isoctane, 1-methylnapthalene, xylene, and 1-hexene at

mole percent concentrations of 90.1, 6.6, 2.2 and 1.0, respectively. A 1 gram

sample of this model mixture was loaded on an open tubular chromatographic . .

column containing 50 g of silica gel* with 5% AgNO 3. The eluting solvent was

a 50/50 mixture of hexane and benzene. The chromatographic fractions were f L
monitored by static N NMR**. In this case, serious chromatographic overlap

occurred, since the 1-hexene was present in both the isooctane and later

eluting m-xylene fraction. Various experimental conditions were also changed

in the hope of affecting a better chromatographic separation (vide infra).

1. A lower loading level (0.1 g of model mixture/50 g of support)
was tried.

• The initial experiments utilized silica gel containing 5% AgNO (w/w).
However, silver nitrate levels as high as 15% (w/w) were also iried. The
typical methods for preparing these silver nitrate impregnated silica gel
columns have been previously described(8- 10).

•* The 'H NMR peaks at -5 ppm were used to monitor the presence of
1-hexene.

6
40. - . *
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2. A less volatile alkene (1-octene) was substituted for 1-hexene
in the model mixture, however, chromatographic separation was
stijI not achieved with this new model mixture.

.- .

3. An even simpler model mixture containing only 1% 1-octene and
99% isoctane was subjected to chromatographic separation. A
load level of 0.1 g on 50 g of support (5% AgNO on silica gel)
was used in the same manner as previously descrbed. However,
significant chromatographic overlap of the isoctane and 1-
octene fractions still occurred.

4. Alternative solvents were also examined including freon-113

and pentane.

In all experiments above, separation of the alkenes (1-hexene or 1- .

octene) from the alkane (isoctane) and monocyclic aromatic (m-xylene) fraction

was not achieved.

In summary, we are not exactly certain why a "class" separation of

alkenes was not achieved with open tubular AgNO 3 impregnated silica gel

columns, since the literature certainly suggests the feasibility of this

approach. However, the high percentage of alkanes (e.g., isoctane) appear to £

chromatographically tail into the alkene fraction, thereby, preventing a clear

separation.

In addition Lo the experiments described above, HPLC silica gel columns

were also impregnated with AgNO3. However, results similar to the case of the
3'-

open tubular columns were observed. Namely, a separation of the isoctane and

1-octene fractions was not achieved. m A

B. Development of a F NMR Tagging Method for Concentrating and

Characterizing Alkenes

In view of the limited succes _ in achieving a chromatographic class

separation of alkenes (vide supra), other studies aimed at concentrating and

characterizing alkenes present in fuels were examined. To date, the best

approach we have found consists of four steps: (1) chemical conversion of the

alkenes to alcohols in the fuels, (2) concentration of the alcohols by

7



precipitation with n-butyl lithium, (3) conversion of the alkoxide salts to p-

fluorobenzoate esters, and (4) characterization of the p-fiuorobenzoate esters

by F NNR. Although the number of steps in this procedure appears to be

excessive, nevertheless, the entire procedure can be accomplished in four to

eight hours. In addition, several steps may eventually be combined. In a

typical experiment, 10 pl of cyclohexene was diluted in 50 ml of n-hexane

-. (O.02%vlv). This model system was then treated with 50 ml of HPLC grade

tetrahydrofuran (THF), 5 ml of water and 2 g of mercuric acetate (Hg(OAc)2).

After formation of the coresponding oxymercuration products, a basic water

solution of NaBH4 was added to reduce the oxymercuration products to the

coresponding alcohols (13). After drying over anhydrous MgSO 4, the organic -

T phase was treated with n-butyl lithium to precipitate the lithium alkoxide

salts. After filtration (concentration by removal of nonreacting hexane) the

U Jlithium alkoxide salts were treated with p-fluorobenzoyl chloride in THF to

-* prepare the corresponding p-fluorobenzoate ester derivatives. The entire

reaction scheme is illustrated below for cyclohexene:

HH  "
H (1) Hg(OAc) 2/THF/H20 ,"H

> H01-' 4 -2
( (2) NaBH4  L lOH

n-BuLi/THF

O H (1) Cl-C " "F HI <

(2) H20 H

The final step in the procedure is characterization of the p-

fluorobenzoate esters by 19F NMR. In the future, LC-19F NMR could be used for

even better separation and characterization of the various alkenes in a given

fuel. It should be noted also that a given fuel could be initially treated

with n-butyl lithium to separate and characterize any alcohol and/or phenol

L 8
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components in the fuel before conversion of the alkenes to the corresponding '-' '

alcohols via the oxymercuration procedure. -A

To illustrate the approach, Figure 5 is the 1gF NMR spectrum for the p-

fluorobenzoate ester of the dilute alkene sample characterized in the manner

described above. Peaks #2 and #3 in Figure 5 are the signals due to the 19F

chemical shift (CFCl 2CFC12 ,Freon-113) and quantitation (cw-

* trifluoroacetophenone) reference, respectively. In addition, peaks #4 and #5

m are the 19F NMR signals due to the derivatizing agent (p-fluorobenzoyl -

T-: chloride), and the hydrolysis product (p-fluorobenzoic acid), respectively. Of

*L particular importance, peak #6 is the derivative peak of interest for

cyclohexanol. In other tdies, it has been observed that peaks due to

derivatives of other classes (e.g., phenols, amines, etc.) do not overlap in

the region of interest for p-fluorobenzoate ester derivatives of alcohols

m (14). However, we have found that traces of alcohols in the solvents used in

the procedure (e.g., THF) are also derivatized unless very high purity

solvents are employed and/or precautions are taken to exclude these alcohol

_ impurities.

In order to further test the procedure, an actual fuel sample was also

* . examined (Fuel 80-63). Utilizing the same procedure described (50 ml of

fuel), Figure 6 is the 19F spectrum for the p-fluorobenzoate derivatives of

this fuel sample. Peaks #5 and #6 in this spectrum are assigned to unreacted

p-fluorobenzyl chloride and p-fluorobenzoic acid, respectively. However, the

small peak #7 (-0.0013%) is in the appropriate region for diols (e.g., 2,3-

butanediol, 6F=-38.27 ppm, ref. 14a). Furthermore, peak #8 (-0.14%, based on

peak #2) is in the appropriate region for secondary alcohol derivatives and

could resu7lt from olefins in Fuel 80-63 (14a). However, it should be

cautioned that although all attempts were made to exclude alcohol impurities

9



from the solvents employed, a second possibility is that peak #8 could be due .%--A

to solvent impurities at this low level (-0.14%). The peak at 43.15 ppm (Peak

#9) is indicative of a secondary amine (e.g., diisopropyl amine, 6F=-43.14

ppm). Peak #10 is a foldover peak and is not a derivative peak.

In conclusion, the results above are promising. However, a number of

potential pitfalls need to be examined before this approach can be used to

*i quantitate the alkene content in a given fuel.

* Ill. The Development of a Calculative Method to Convert Molar and Average
Molecule 4H NMR Derived Data to Weight % Data

The original average molecule program (5) has now been modified to

calculate weight % data for each chromatographic fraction. Three different

approaches were examined for the determination of weight % data. In the

*following discussion, the various equations and terms follow the format we

used in a previously published paper (5). In addition several definitions are

reported in Table III.

Method 1

m
In this method, the average number of moles for Ctotal and C

are readily obtained from the "average molecule" approach (e.g., see ref. 5,

eq. 16 and 18). In addition, the average molecular weights are also

L determined by this approach (e.g., see ref. 5, eg. 16 and 19). In a similar

fashion C and Cp  are also readily determined (see Section I of this. total total

report). Thus, Wm , Wd, W and WP are readily calculated, since the average

number of moles and molecular weights are known for these fractions. Next,

the fraction of total carbon in the alkane fraction is obtained by difference

from the following equation.

a m d f

totalC totalC -totaC t t lC

10



d f~
It should be noted that Fm Fd f l and FP are all

totaC, F ttalC, to a totalC

derived quantities from the average molecule approach, if carbon aromaticity
1

data is obtained from the 13C spectrum (see eq. 20, 21 and 22 in ref. 5). The

total alkane carbon content (Ca) can then be calculated since all the

!L quantities in the right-hand side of eq. 8 below are then known.-"a m d f +C p  ).T.

a (FtotaIC)(Ctotal + Ctotal + Ctotal +Ctotal )9]
/ m d f +p C LT

(Foti + + +FPtcFtota +FttalC FtotaiC total"

To obtain the weight% for the alkane fraction we assume an average

weight per alkane carbon and attached hydrogen atoms of 14.2. This value

assumes a C12 linear hydrocarbon; assuming other chain lengths and/or branched

alkanes will change this number slightly (e.g., C5H12 -C15H32 values range

from 14.40 - 14.13).

I a  Ca
W= (Ctotal) (14.2) (10)

The weight % alkane, monocyclic, dicyclic, etc., fractions are then

easily obtained.

total a d t +

WPx =WX Wtotal x 100 (12]
ELL.

The major limitation of Method I is the assumption of 14.2 for the

average weight per alkane carbon and attached hydrogens. In addition, the C

* favalues critically depend on accurate f values normally obtained from

13,
quantitative 13C NMR data.

Method 2

In this method Ctal, Ctotal, Ctota and total are obtained in the
a

same manner as Method 1. However, Ctotal is obtained in a different manner.

t11
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Specifically, the H H Ha , and H a  regions of the alkane fraction are
' CH2 CH3

integrated in the manner previously reported (See Figure 2, ref. 5). Next,

absolute moles of each carbon-type are calculated.

.a K(Va)

.H 
3

3 3

Similar equations can be written for C and C terms with
2

denominators of 2 and 1, respectively. Thus, Ca can then be obtained from the

following equation:

ca a + Ca  + ca ,14T CH CH CH

Wa wtotal adPX aete edlAt this point, W, W and WP are then readily calculated.

Wa = (Ca (15) + (CaH )(14) + (C H)(13) [15]

The major drawback with this approach is the exclusion of quaternary alkane

carbons in the total weight Wa (or WPa) for the alkane fraction.

*Method 3

In this method the density of the original fuel is experimentally

determined. Then, for a given LC- H NMR injection volume (e.g., 100 pl) the

total weight (W t tal) of fuel injected is known. Thus Wa can be calculated

by difference from eq. 10 where Wd, Wf and WP are obtained in the same manner

as Methods 1 and 2. A limitation of this method is the need for an external

density measurement of the fuel as well as errors associEted with the use of

the loop injector for the LC-pump system.

U 12
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Comparison of Methods 1-3 for Weight % Determination Using LC-IH NMR Data

1 13

In order to test the accuracy of Methods 1-3, LC-IH NMR, 13C FTNMR, and

density data were obtained for "model mixture C" (15). This is the same model

mixture which was previously employed (5) to test the accuracy of the average

molecular approach (see Table II, ref. 5). In Table IV, the average weight % P 4

data are reported for model mixture C using Methods 1-3 and are compared with

* the known values. Of the three methods, Method 1 compares favorably with the

known values. Whereas, Method 2 has a lower value for WPa in comparison with

the known value. This is consistent with the fact that model mixture C

. contains an appreciable quantity (200.40g) of isooctane and is the only alkane

hydrocarbon in this model mixture which contains a quaternary carbon atom. It

should be recalled that a major drawback in utilizing Method 2 is the

inability of this approach to "count" quaternary carbons in the weight percent

determination for the alkane fraction (Wpa). Method 3 appears to give only

approximate values, however, further tests of the reliability and precision of

this method should be undertaken. This method crucially depends on a separate

m* density determination and accurate injection of a known volume of a given

fuel.

In conclusion, Method 1 appears to provide reasonably accurate weight

percent data (WPa, WPn , WPd  etc.). We normally employ Method I to obtain - -

weight percent data (See program in the Appendix). For example, in Table V

typical weight percent data for various fuels are reported. Nevertheless, a

more accurate method for obtaining weight percent data is still desired. In

this regard, a recent paper (16) describing a method for on-line density

measurements could ultimately be used in conjunction with the LC- H NMR

approach.

hr 13
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,, :.. .. 

TABLE III

Wa = weight of the alkane fraction

Wx weight of an aromatic fraction (x m,d,f, or p)

Wtotal = total weight of all chromatography fractions

WPX = weight percent of a chromatography fraction (x = a,md,f, or p)

Fx = The fraclion of ttal carbsn in eac chromatographic fraction
(i.e., Ftotai + Ftotai + Ftotai + Ftotal + FtotaI = 1

CtI The total carbon in a given fraction(i.e., alkane, monocyclic, dicyclic, phenanthrene, or fluorene --

fractions)

Fa = The carbon aromaticity for the total sample
(i.e., the total aromatic carbon (CAr'ttl)) divided by
total carbon (Ctotal) r-oa-

MWC= molecular weight of a quaternary carbon

MWCH = molecular weight of a methine group

MWCH -molecular weight of a methylene group
2

MW =molecular weight of a methyl group
CH3

.-.

-.. ,-.; .
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Table IV

Weight Percent Data for Model Mixture C Utilizing Methods 1-3-4

a -m° d

Model Mixture C wpa wpm Wd

(Method 1) 90.87 6.94 2.19

(Method 2) 87.81 6.94 2.19

(Method 3) 89.88 7.70 2.43

(Known Values) 91.02 6.65 2.33 '4

1 Model C was prepared by mixing 13.29 g of n-butylbenzene, 18.47 g of n-

pentane, 10.16 g of m-xylene, 13.07 g of tetralin, 95.70 g of n-nonane, 56.20

of hexadecane, 200.40 g of isooctane, 43.65 g of n-hexane, 85.67 g of

dodecane, and 12.80 g of napthalene. The known values above are based on this

composition data. Also, the text should be consulted for a complete

- description of Methods 1-3. In addition, it should be noted that WPf and WPp

are zero for this model mixture.

Mixture 3 is a poor choice for two reasons in relationship to U. S. Navy

fuels: (1) Components are too low M.Wt. in several cases (particularly

C5 and i-C8) and volatiles are easily lost; (2) i-C8 is not representative -

the amount of quarternary carbons would never be this high.

1. !
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FIGURE 4

TRICYCLIC AROMATICS
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REP! This is the LC-NMR program revised 1 98 4
REM This is essentially the original LCNMR program. It has been modified

26 REM tc handle putting the data into and out of a disk file. It also

;4 REM prints out the wt %'s for 2 different methods of calcualtion.

5RE

: o rum,.-,
a-- REM The first section is a general input section to get the

"-j REM softkeys defined and determine how you wish to enter the

so0 REM da ta . It also gets the file name

I10 OSJUE £510 1 Sets up blanks for subtrn R
1. 120 TE. (25 25 "Please press the 'irs' r:,!t,:ey to te;in. " 2)

. 3 0 lI"FJT .",AS LOCATE 0,0 PRINT SPA'Z b(a0' CLS

.40 IF A'--"EDIT" THEN GOSUB 6420 ELSE COSUE 6170

150 LOCATE 12,14:PRINT"Do you wish to use the parameters stored in a file (F),"

. 60 PRINT TAB (t2)"enter then manually (M), or sto:ed from manual entrcy-(S) ?

- 0 LOCATE 14,40 INPUT "";PARAMS

1.80 LOCATE 18,17 PRINT "Do you wish to use blank #1 or 82? (1)1(2>: "'

.90 INPUT "".;BLANK

-"00 LOCATE 12,10 PRINT SPACES(620)

'l 0 OPEN "*PR" AS FILE 01

220 X9=0
--30 LOCATE 12,25 INPUT 'Please enter the sample name: ";N$

,-*40 IF N$="" THEN 230
250 LOCATE 12,20 • PRINT SPACE$(I00);

- '60 IF PARAM$,"F" OR PARAMS="f" OR PARAMS6="S" OR PARAM$="s" THEN GOSUE 5800

" -70 DS=DATE$

80 TEXT (0,450,NS,2) TEXT (620,450,D$,2)

K 290 REM
: 0 REM The

"-J0 REM The first section gets the Monocyclic inputs.
;: 320 REM

" 30 REM

40 LOCATE 3,4

- 350 PRINT "THE FOLLOWING INPUTS ARE FROM THE MONOCYCLIC AROMATIC ";.

.360 PRINT "CHROMATOGRAPHIC PEAK"

. :-:170 ASD. I I Screen number for editing .

-- 80 RECNUM-.
390 IF PARAMS="F" OR PARAM$="f" THEN GOSUB 5910

I L00 GOSUB 3570

410 IF PARAMS="F" OR PARAMS-"f" OR PARAMS="S" OR PARAM$="s" THEN GOSUB 5980 -

420 GOSUB 6660 1 Subrtn to sub out blank

.-430 REId Will calculate volume from # of scans.

* '440 REM To change the variables in the calculation, edit the following line

450 FLOWRATE=l 02 SCANTI.ME=2 912 : CONVERT-60000

460 V=(V*SCANTIME*FLOWRATE)ICONVERT

.470 R2 = R\M =A\ M2-- A3 \ M3 =A2 \ M4 =A1 \ M 5 aT\ V2r "

475 R =0 A=0 A3=0 - A2=0 A1=0 T=0 V:I0 G-0

480 REM

.490 REM

15 00 REM This is the section to get the Napthelene data.

5 10 REM
. 520 REM

*.530 GOSUE 6080 Sub to clear 'tween inputs

I 540 LOCATE 3,8 : PRINT "THE FOLLOWING INPUTS ARE FROM THE ";

550 PRINT "NAPTHALENE CHRO- ,TOGRAPR.IC FEAK,

* 560 RECNUM-3

I.. L

' " - " " :" % ._a _ - - . ". ' ." ' .. ' . ' .. ' , .. %.s,.. * -. .. ',--.-. . -. .. . - - . - _ . . . . . ,. -



570 IF FARAM1-"F" OR PARAMS="f" THEN COSUB 5910
,80 COSUB 3570

az IF FARAM "F Or PARAM.= f" OR r ARAmS z,, OR FARA $"s TiHEN CO2U 5980

590 COSUB 6750 ' Subrtn to sub cut blank

4..00 Vr (V*SCANT IME*FLCVA'RATE) /CONVERT
20 R3= R\NI.-.\ 2=A3\N3--A2\M4 =AI \ N --T\V3 = V\N6t -
25 r=0 A-T0 A3:0 A2=-C AI=0 T=0 V=0 C 0

630 REM

,1: 4 0 FEM "

,'"50 REM This is the sect ivn to get the Flourene da'a

660 REM

.Ah80 GOSUB 6080

690 LOCATE 3,12 FRINT "THE FOLL'lIG
.700 PRINT "!NPUT ARE FROM THE FLUOREME CHRD' ,A-OG.RAFH!C PEAK''

--710 RECNUM=-S
-720 IF PARAMC--"F" OR PARAMS-"f" THEN GOSUB 5910
730 GOSUB 3570

.735 IF PARAMS-"F" OR PARANS-"f" OR PARAM$="S" OR PARAM$="s" THEN GOSUB 5980
740 COSUB 6750 t Subrtn to sub out blank

750 V-(V*SCANTIME*FLOWRATE)/CONVERT

770 R4=R\JiwA\J2=A3\J3-AZ\J4=AI\J5"T\V4=V\J"G"

-.775 R=Q A=O A3=0 :A2=0 :A1=0 :T=O0 V=0 GaO0
"-' 780 REM

790 REM
--:800 REM This is the section to get the Phenanthrene input.

810 REM
020 REM
830 GOSUS 6080
640 LOCATE 3,32 PRINT "PHENANTHRENE INPUT"
650 RECNUM-7 : IF PARAMS="F" OR PARAM$"f" THEN GOSUB. 5910
860 GOSUB 3570

865 IF PARAM,="F" OR PARAMm"" OR PARAMS" OR PARA,-"s" THEN GOSUB 5980
'870 GOSUB 6750 ' Subrtn to sub out blank

880 V=(V*SCANTIME*FLOWRATE)ICONVERT -

' 900 RR3=R\NNI=A\NN2=A3\NN3=A\NN4,AI\NNS=T\VV3=V\NN6-G

905 R=0 A=0 A3m0 : A2=0 : Al=O . T=0 : V=O G 0
910 REM

920 REM

930 REM This Is the section to get the Conc of HMDS and the C-13
940 REM aromaticity. Will also edit screens for inputs.

950 REM
960 REM

• 970 LOCATE 3,2 PRINT SPACES(1670)
980 LOCATE 11,15 PRINT "Molar Concentration of HMDS:

990 LOCATE 13,15 :PRINT "C-13 Aromaticity.
1000 ASD-2 ' Screen 2 for editing

1010 IF lA rA ', "F" OR rA'.AM, "f" THEN 1070

1020 LOCATE 11,45 INPUT .. M"

1030 LOCATE 13,45 INPUT . ,F, i
1040 COSUB 3840

1050 IF FARAM-"S" OR PARAMH="s" THEN 1110

1060 GOTO 1170

' 1070 GET *2, RECORD 9 ! m=CVTSr(NI$) FI-CVT r(N2 )

1080 LOCATE 11,45 PRINT M, ,
1090 LOCATE 13,45 PRINT Fl ,

V1100 GOSUD 3840'
1110 LSET Nt5aCVTF$(M) LSET N2s=CVTF(F1) PUT *2, RECCRD 9

1120 REM
1130 REM

_____.-- ______-_.___..______-_.______.____ ____.. . ._..... -.



1140 REM This is the section to do most of the calculations L
.:-150 REM

1 170 K2=t1*V2*18/R2
,180 K3--M*V3*181R3

19 4=.7*V4*18/R4
S200 KS=M*VV3*18/RR3
1210 S2='M2I3,M3/2+M4+M5/2) /(M1+M2/3+M3/24+M4,M5/2) 11W

. 22 D S3n(N,2/3+N3/2+N4.M5I2) ;(NI+N42/3+N3/2+N4+NS/2)
'Z 3 0 S4=(JZI3+J3/2+J4+J5IZ2)I(J1+J2I3.J3/2+J4+J5I2)

0250 D2 z6* S2

.260 ED3= 8 S3
1270 04= 8 *S 4

1280 DC-3. i0bS
:20Z2-6(mMZ~M!3+M3/2+M4+M/2)I6

.300 Pl=K2'111
1310 PZ=KZ*(MZ/3.M3/2,M4+M5/2)

7-1320 P3.P2-KZ'145/Z

:-- 3 30 13-K2*(M2/3)Xl2=K2*(M3I2)
13 40 1I-K2 *M4

--J350 Q5=DZ-MZI (3*z2)..MS/(2*z2)
A 3 60 Q4uM6ICZ'Z2)-l.S'05

135IF 04(=O THEN 04=0
1370 PS=KZAZ2*05 -

*.13 80 P4-XI ZZZ04
--.1390 P6-K2*MS/Z
1400 Gt=FI/(Z2'K2)

.. 1410 Q2mP2/(Z2*K2)B1420 G3nP3i(Z2*K2)
1430 06-PA/(ZZ*X2)
t:440 16=ISI(Z2'KZ)

1450 15=121 (Z2*K2)
.-l460 14=11/(Z2'K2)

t470 FUPI+F2
-1480 PB=P7+P3*P4+PS+P6

01490 W2= 13*01 +12*02+1*03(2 1314) I Z2+14 *C4+ 15*05 14*06
'1500 W2mW2..011'(6.16.15+14s06.05+03)
{1510 Z3s(N1.N2IS.N3/2eN4)IS
K1520 TlaK3*N1
71530 T2aX3'(N2/3.143/2+H4)

1540 T3u(TIT2114
L. 1550 T4-T2

1560 X3=K3 *I2/3% X2uK3*143 /
1570 Xl=K3*N4
.1580 X6=X3/(Z3*K3)
:1590 XS=X2/(Z3*K3)
1600 X4,XI/CZ3*K3)
1610 L6-D3-N2/ (3*Z3)

.1620 15=N6/(2*Z3)-l S*U6
1,625 IF U5(r O THEN U5=0
1630 U1=T / (Z3*K3)
1640 U2-tT21(Z3'K3)
1650 U3zT3/(Z3*K3)
1660 U4?T4/(Z3*K3)
1670 TS=K3*Z3*US

.1690 T6=K3*Z3*U6
1690 W3-13*Ul+24*U2.12U3(42+N3+N4) /Z3+14*US,15*U6
1700 W3=43..011*(10.U6.US+X6+X5+X4)
1710 Z4r(J1+J2/3+J3/2+J4)18



1720 L1=X4'Jl
... 1730 L2=K4' (32/3+33/2.34)

170L3z(L1+L7) /2
170L4=(L1+L2)IB8P

1760 H3 K4*J2 /3 \H2=K4*3/2

I' 7 0 H I = Y, 4 
..

170H6=H3/(Z4*K4) .

1790 HS--H2f(Z4*K4)
K1800 H4=Ht/(Z4*K4) \U8=D4-JZI(3*Z4)

'1810 U7=Jd/(2*Z4)-t.5*H5
* 1815 IF U7(=0 THEN U7=0

1820 H711(4K)\SL

11830 H9=L3/ (Z4*K4) \R7=L4/ (Z4*K4)__
S1840 RS=K4*Z4*U7\R9:-K4*Z4*U8 \RR7=K4*Z4*R7

1850 W4.-13*H724*HS.12*H9.14*R7. fJ2t.J3.J4) IZ4+14*U7+I5*U8
1860 W4=W4.011'( 134-UBU7.iR6+RS-,R4)

* 1870 ZZ3=(NM1+NNZI3.HN3lZ.NN41 110
1880 TTI=KS*NNI

041890 TT2=K5*(NNZ/3,NN3/2+NN4)
*1900 TT3=(TT1.TT2)12.S

1910 lX13K5'NN2/3%XX2wKSN3/2
1920 Zai-,5*KN4e
1930 XX60XX3I(ZZ3'K5)

* 1940 X15=XX21(ZZ3'KS)
1950 XX4=XXIlCZZ3*K5)
1960 UU6u003-NN2I(3*ZZ3)

* 1970 UV5aNN6/(2*ZZ3)-1.S'UU6
1975 Ir UUS(.0 THEN WI5=0
1980 UUIuTTIH(ZZ3*K5)
1990 UU2uTT2/(ZZ3*X5)%UU3mtTT3/(ZZ3*X5)\UU4uTT4/ (ZZ3*K5)

*2000 TT5-X5'ZZ3*VU5 \TT6=K3C*ZZ3*UU6
2010 W313*UI+24*UIe12*UU3.(NN2+NN3e.NN4)IZZ3,14*UU5+15*UU6L

*2020 'JW3=WW3,.0011'C14eU6,UI5,XX6,XX5+XX4)
2030 T?=T1+T2.T3
2040 TS=T?.T4+T5,T6

**2050 TT7=TTI+TT2i'TT3
2060 TTSuTT?4TT4..TFS.TT6

* 2070 W6=LI.L2+L3
2060 '7=L1.L2+L3+R$.R9.L2,L4+
2090 w8'-Fl'W6/(P?.T7,V6,TT7)

210W9= J5'W?/V6
2110 F2=F1*P7ItP?4T7+W&+TT7)
2120 r3=F1'T7/(P7+T?.W&+TT7)

2130 FF3=FI*TT7/(P7.T7+W6+TT7)EL
2140 FF5=FF3*TTS/TT?
2150 F4=F2*PS/P7
2 160 FS=F3*TB/T7
21 70 r6- -F4-F3-w9-FFs
2 180 A8-F *(P8.T8.W7+TT8)f((1-F6)

,2190 REM
2 . 200 REM
22 10 REM Thi s is9 the section to start the printout
2220 REM

-2230 REM
22 40 PRINT81, ** ******************************

2250 PRINT*1,****************a*C*****t*t**t**
2260 PRINT *
2270 PRINT *1,'**************REPORT OF FUEL SML*~************
2280 PRINT * *~~,*~***' I,**f*t*k*****
2290 PRINT *1,''''''''T E. GLASS, H. C. DORN, AND K.A. CAcWELL********~*******'



.300 PRINT sI,"''*'*'**'*V P I DEFT. OF CHEMISTRY**************************"

Z .l0 PRINT #I,-**************BLACKSBURC , VIRGINIA****************f*********'

2'."20 LOCATE 3,2 : RI14T srACES(1670)i
2330 LOCATE 11, 18
2,340 PRINT "Do you wish to skip the full printout? (YIN) ; \ INPUT '.;AS$

250 PRINT #1, DS
2960 PRINT #1,"
2370 PRINT #I '

2.'80 PRINT #1,"****************MONQCYCLIC PEAK DAA************************ 
*'

2:,.90 1 I 01 2 \ \03= = \0 3=\30\4 = 4 \05=Q5 \ 06=Q6 \ 07=WZ \08=S2 0O9 D2"

2400 YI=FI\YZ=P2\93=P3\Y4=P4O\Y5=P \Y6=P6\YT=P7\YS=P8\Y=0
10 EI=F2\E2=F4\Y=0\CI=I l C=12\C3--3 C4--4\C =15\C6--6

20 GOSUB 3910
Z-*30 PRINT #I," "

2440 FRINT #* I. ". .

"-.50 PRINT #1,***************NAPTHALENES PEAK *
. 60 01=UI \02=U2\Y9=U3\03=U4\Oq=U5\05=U6\O6=0\YI=TI\Y2=T2
2470 Y=T3\Y3=T4\Y4=TS\Y5=T6\Y6.=0\O?=W3\0=S3\09=D3\Y7=T7 -,
U,60 YS T8\E F \ E2uf \C1=Z[1C22kC3=13 C4]4 \C5'=I5 \C6=[6
Z-:90 GOSUB 3910
2300 PRINT 01, " - "
2510 PRINT 01," ".'
"20 PRINT #i,"*******t*** *FLUORENE PEAK DATA*t***,*t* ****** t*****
30 01 =H?\ 02,,H8\YO=H9 \03mR? \O4=U?\05 =US\06 mR?\YlaI== \Yt=L2 ,. . ...

2540 Y-L3\Y3-L4\Y4-RS\Y5-R9\Y6-RR7\O7-W4\O8=S4\O9O=D4\Y7uW6
4-50 Y8-W7\EInWSB\E2uW9\C1mHI\%C2=H2\C3-H3\C4:H4\CS=H\C6H6
2-.60 GOSUB 3910
2570 PRINT *1,°'*e********5****PHENANTHRENE PEAK DATA*****************--
5810 OI,,UUl\O2mUUZSY?=UU3\O3*UU4\O4=UU5\O5=UU6\O6a0\Yi=TT-r\Y2=-I' -"T -i

90 Y ,wr "3 Y 3 =T T 4 \Y 4 =r r 5 Y 5 ,TT \ Y 6 = 0 \ 7 ,,W 3 \% 8 = S 5 \ 9=DD 3 \Y 7 =T T 7 ."-

0 YO=TTI\EI=FF3\E2=FFS\CI-RX]t\C2=XX2\C3mXX3\C4=XX4\C5-XX5\C6=XX6
2610 GOSUN 3#10
.20 LOCATE 12,18

..-30 PRINT "Do you wish an aliphatic analysis? (YIN) "; \ INPUT "";AS
2640 If A,,"N" OR Atl"' THEN 3560 .-..-.

50 ASO=3 I Screen 3 for editing p..

60 REM
*,70 REM
2680 REM This in the section to get the inputs and edit screens.
--3 90 REM

"?00 REM
2705 DUMI0: DUM2=0 . .

r7I0 LOCATE 11,1 PRINT SPACE$(400)
720 LOCATE 6,35 PRINT " HMDS Integral: "

2-730 LOCATE 8,35 " PRINT " CH3 Integral: "
2740 LOCATE 10,35 PRINT CH2 Integral:
750 LOCATE 12,35 PRINT " CH Integral:

,.-160 LOCATE 14,1PRINT "Estimated quarternary carbon relative to CH integral."
2770 LOCATE 16,35 ' PRINT " Number of Scans:
%-780 LOCATE 19,8 ' PRINT "Do you wish to assume linear alkanes for", - N
'-790 FRINT " normalization) (Y/N)
2800 IF PARAM$-"F" OR PARAMS-"f" THEN 2890
1210 LOCATE 6,60 INPUT ",R
,'"820 LOCATE 8,60 INPUT .. A3
830 LOCATE 10,60 INPUT -1;A2

2840 LOCATE 12,60 ' INPUT "".;At
*.B50 LOCATr 14,60 INPUT "";A4
-.860 LOCATE 16,60 INPUT .";V
2870 LOCATE 19,75 INPUT ....;LS
.* 80 GOTO 2960

L



2890 GET 02, RECORD 9 R=CVTSF(N3C) A3.:CVTsF(N4$) ! A2=CVTSF(N5,)

*.895 DUt.1-CVT'F(Nl$) DUM2=CVTSF(N2$)

900 GET 02, RECORD 10 Al=CVTSF(NIS) A4=CVTsF7in) V-CVTcr(N3 ) L ""

2910 LOCATE 6,60 PRINT R;
.2920 LOCATE 8,60 PRI NT A3;

.930 LOCATE 10 60 PRINT A2,
Z940 LOCATE 12 60 PRINT Al

2950 LOCATE 14 60 PRINT A4;

6 60 LOCATE 16 60 PRINT V;
%1:?70 LOCATE 19 75 PRINT L .

2980 LOCATE 23,18 PRINT "Press the appropriate softkey to continue ";

90 INPUT "" AS
.000 IF AS"SCRN" THEN 3030* *

'3010 IF A$="EDIT" THEN GOSUB 5460 Editing routine

2020 COTO 2980
-.3030 IF PARAMS='F"OR FARAMS-" f OR FARAMr =2 OR °ARAll "s" THE!N 3040 ELZ'E 3090

-.3040 LSET N3$=CVTFS(R) : LSET N4$=CVTFS(A3) LSET NS =CVTFS(AZ)

3045 LSET N1S=CVTFS(DUX'I) : LSET NZS=CVTF$(DUM2)

?.3050 PUT #2, RECORD 9 -

"3060 LSET NIS-CVTF$(At) LSET N2$-CVTF$(A4) LSET N3$ACVTF$(V) LSET N4S=L$

3070 LSET NSS."
.3080 PUT *2, RECORD 10
"'3090 V=(V*SCANTIME*FLOWRATE) ICONVERT

''3100 V1-V\LL3=A3\LL2=AZ\LLI=A\LL4=A4*A1\LRI=R\KI=M*Vl*18/LRI R=R

3110 B3=KI*LL3/3\B2=XI*LL2/2\BI=KI*LLI\B4=KI*LL4\B5SB3+B2+B1"

,3115 BB5-5I(BS+P8 TB+W7+TTS)

-. 3120 IF L60"Y" THEN 3150

3130 NNNI-LL316

-3140 COTO 31603150 NNNI=(LL3-3*LLI I &-A!*LLt l

3160 LX3-B31(KltNNNt)\LX2=B2/ (K1'NNN1)\LXI=BiI(K1*NNN1) \LX4wA4*LX1
3170 Wmt-.0h1*LX3 14.011*LX2+13.011'LZI+12.011'LX4 ,

3180 IF ASSm"Y" GOTO 4250
', 3190 PRINT 01, "

3200 PRINT 01, "

i 3210. PRINT #1, "*****************ALKANE PEAK DATA************************,*s

3220 PRINT 01, ...

3230 PRINT 01,
3240 PRINT 01, "AVERAGE STRUCTURE DATA AND TOTAL # OF MOLES OF EACH CARBON"

3250 PRINT Si, "************TYPE IN AN INJECTION**********************~*I
3260 PRINT *1,

3270 IF L$() "Y" THEN 3290

..3280 PRINT 01, "******W***LINEAR ALKANE ASSUMPTION*************************-

3290 PRINT 02, "CARBON TYPE","AVERAGE *","ABS MOLES"

3300 PRINT *1,

3310 PRI NT 01 "OCH3", PRINT 01 USING "0*. ##*####* #";LX3;B3

320 PRINT #1, "#CH2", PRINT #1 USING "*4*#### #*";LXZ;B2
3330 PR INT 01 "#CH", PRINT #1 USING "#0* 0 0*44 #";LX1
3340 PR .LiT 01, "QUATERNARY", PRINT 01 USING "### #* #### #",LX4;B4

3350 LX5 '.LXI+2*LX4

- 3360 PRINT #1,
33?0 rRINT #1, "AVERAGE MOLECULAR WEIGHT= PRI T *1 USING "0## ### ,W1

3380 PRI NT 01, "AVERAGE DEGREE OF BRANCHING- ", PRINT #1 USING "*#4##.###';LX5
3390 FRINT #1, "TOTAL #MOLES OF CARBON IN THIS rILE(MlETHOD I). "

3400 PRINT #1 USING "##*### ###";AS

3410 FRI11T 01, "TOTAL #MOLES OF CARBON IN THIS FILE(METHOD 2)= ".

3420 PRINT 01 US INC "#000 #44",B 5
3430 FRINT *1, "FRACTION OF TOTAL CARBON IN THIS LS FEAK(METHOD 1)= ";

3440 PRINT *1 USING "*4*04* ###";F6
3450 E6-E5+T8.F8\S7=ESIEB\BB=PB/86XE~=T8/S6

.-'. ]..-.....-..-. ...... ;.. ...........-........ ..... ? ',



-. -. *- r r r7

3460 PRINT 01, "FRACTION OF TOTAL CARBON BY METHOD 2 ",BB5
34 PRINT 01, "...
34%-0 PRINT 01, " ..
34V0 PRINT #1, "ALKANE PEAK",, : PRINT 01 USING "6* .##;B'.D.
2500 PRINT 6!, "MONOCYCLIC PEAK", PRINT #1 USING "## #4#40";B8
3 0 PRINT 61, "NAPTHALENES PEAK".. PRINT 61 US ING " # #6*4*" E9
13 ;0 PRINT #1, "FLUORENE PEAK", PRINT #1 USING "00 ###*#";FF1
3530 LOCATE 3,2 PRINT SFACEs(i 70)
5 ".-0 LOCATE 11,15 : PRINT "Do you wish to redo the alkanes2 (Y/N)

35:"0 INPUT .. SO. IF 00="Y" OR O:"y" THE'! 2710 :"
3560 COTO 4250
351 0 REM INPUT SUBAOUTINE
310 LOCATE 6,15 PRINT " HMDS Integral
i35'0 LOCATE 8,15 PRINT " Aromatic Integral
36 00 LOCATE 10,15 :PRINT " Alpha CH3 Integral "

3,.-0 LOCATE 12, 15 :PRINT " Alpha CH2 Integral "
,31'-0 LOCATE 14, 15 :PRINT " Alpha CH Integral: "

3630 LOCATE 16,15 :PRINT " Alpha Tetralin Integral ungie.tri
3 4#0 LOCATE 15,15 :PRINT "Greater Than Alpha Integral:
'3E .0 LOCATE 20,13 :PRINT "Number of Scans for this file: "

l 690 IF PARAM$-"F" OR PARAM$-'f" THEN 3760 1 If using file Jlust print "?""? "-

34670 LOCATE 6,45 INPUT "";R
3 0 LOCATE 5,45 : INPUT .. ;A
3 30 LOCATE 10,45 : INPUT .. ;A3
3700 LOCATE 12,45: INPUT "';A2
,370 LOCATE 14,45 : INPUT "";AI
310 LOCATE 16,45 : INPUT "";T
'3730 LOCATE 16,45 : INPUT "" ;C
3740 LOCATE 10,45 :INPUT ""V
3'30 GOTO 3840
3k0 LOCATE 6,45- : PRINT R;
3770 LOCATE *,45 PRINT A;

3-30 -LOCATE 10,45 : PRINT A3;
3'-.)0 LOCATE 12,45 : PRINT A2;
3800 LOCATE 14,45 : PRINT Al ;
360 LOCATE 16,45 PRINT T;
3[0 LOCATE 18,45 : PRINT G;
3630 LOCATE 20,45 : PRINT V;
3440 LOCATE 23,18 :PRINT "Priess the appropriate softkey to continue.";
340 INPUT "";AS
3:0S0 IF AS="SCRN" THEN RETURN
3870 IF A$."EDIT" THEN 3990 . Editing routine
3r90 COTO 3840
3.V 0 ON ASD cOSUB 5020, 5270, 5460
3900 GOTO 3840
3910 REM OUTPUT SUBROUTINE
3'-0 ir AS, S"Y' THEN RETURN
3",-30 PRI :T 0 , .
3940 PRI 'T 1'
3. Z0 FRINT *1, "AVERAGE STRUCTURE DATA AND TOTAL 6 or MOLES or EACH CAREON" _-
3.10 PRINT #1 " TYPE It, AN INJECTOI"""
397c PRIT:T 61
3"s.0 FRI v- #I "CARE!: TYPE . AVERAC.E 0" "AESLUTr mOLrE ,'
I-*90 PR IT 61,

PJ0 oRINT 61 "UNSUESTITUTED" ,:PrINT 01 USING "00 6*66 6 * 6"01 ,YI00,##
4.010 PRINT 01, "SUESTITUTED", PRINT *! USING "6 0### 6 #,#*,o2,Y2
-20 IF ).9) 1 THEN 4040
4.30 PRINT #1, "EF.IDCEHEA'", FRINT 61 USIC "6# 16#*4 # v ##" ,Y9Y

4040 PRIMT I!, "A!PHA CH", PRINT "I USING ",I TIC6* " 0##6#";C6,C.
50 PRINT 61 "ALrHA CY-.", FRINT U:1iC "** * t' V**t66,C5,C2

16-- - -" .- -" . . - " ." '



4060 PRINT Of, "ALPHA CH", PRINT #1 USING "S# #### #.######",C4,C!

ST,0 PRINT 01 "CI!2 ) ALPHA" PRINT #I USING ## ##### #.##*##*",O4,Y4

40 PRINT 01, "CiH? > ALPHA", PRIN4T #1 USING "P# # ## " ,

4090 IF X9=2 THEN 4110

41rO PRINT #I , "ALPHA TET", FRINT 01 USING "1P us # #PPPPP*",O6

4 0 FPINT 01, "
412C FRII"T t1, "AVERAGE MOLLCULAR WEICET- ", PRINT 0I USING "PPP## 4,,-
4:.I0 PRINT # ,"FRACTION OF SUBSTITUTED SITES-- "; PRINT #I USING "##1#0 P#0" 09 ""
4 1 C PRIW!T , "AVERAGE DEcREE or SUBSTITUTION:
4150 PriINT #I USING " #PI # 0";O9
4 ,crnINT #1 "TOTAl # MOLES OF AROIATIC CAREOl! IN THIS FILE- "
4 W,{. 0 PR14T #I USING "# ,#######;Y7
41130 rfnINT *1, "TOTAL # MOLES OF CARBON (AROMATIC 4 ALYYL) I! Tlls rLE ", ri -'1
4190 PRINT #I USING "P *#N##";Y"
4n0 FRINT #I, "FRACTIONAL AROMATICITY=
4.-9.10 PrIrNT #I USING "#*###.###";El
4220 PRINT #1, "FRACTION OF TOTAL CARBON IN THIS LC PEAK:- ";

4. 0 PRINT 4I USING "**#*##.O#1";E2
4.40 RETURN
4250 PRINT 01
4Z260 PRINT 01
4--,70 PRINT 01 "MONOCYCLIC INPUT DATA"
4 ,80 PRINT 01 "HMDS INTEGRAL",: PRINT 01 USING "Off .*##";R2
4290 PRINT NI, "AROMATIC INT", PRINT #1 USING "O## *#*#",Ml"
4-00 PRINT #1, "ALPHA CH3 INT", : PRINT #1 USING " 0 #0*0O",M2

4"-'I0 PRINT 01, "ALPHA CH2 INT",: PRINT 0I USING "O## OPOP"'M3
4320 PRINT 01, "ALPHA CH INT", : PRINT 0I USING " #00 006N";M4
4'30 PRINT #1, "ALPHA TET INT",7 PRINT 01 USING "N# ####";M5
1 40 PRINT 01, ") ALPHA INT", PRINT 01 USING " 000####"; M6
SO PRINT 01, "VOL OF FILE", : PRINT 0I USING "O #0. 0*0 "V2

4360 .PRIN.+41lPRINT 41
t-% 70 PRINT 41, "NAPHTHALENE DATA INPUT"
'80 PRINT 4I, "HMDE INTEGRAL",: PRINT 01 USING "000. S ";R3
4390 PRINT 01, "AROMATIC TNT", PRINT 01 USING "40* 4111";NI

"*00 PRINT 01, "ALPHA CH3 TNT",: PRINT 01 USING "oop toov";N2
X10 PRINT 01, "ALPHA CH2 INT",: PRINT 1 USING "0# **###";N3
4420 f.RINT *1I 'ALPHA CH INT", : PRINT 01 USING "# 400#0";N4
4A30 PRINT *1, "ALPHA TET TNT",: PRINT 01 USING "000.0460";W5
.-440 PRINT 01, ") ALPHA INT", PRINT 01 USING "000.0000";N6
-."450 PRINT 01, "VOL OF FILE", : PRINT #1 USING "O#O 0000#",V3
4410 PRINT *11PRINT #1
L;70 PRINT 01, "FLUORENE DATA INPUT"
..;80 PRINT 0I, "HMDS INTEGRAL", PRINT #1 USING "#. #000",R4 I
4490 PRINT # , "AROMATIC INT", PRINT 0I USING "PI #0 *",J1
p0cc PR4T P2 "ALPHA CH3 INT", PRINT fl USING "PI 0000P" .j2
-,:0 FR!'r o "ALPHA CH2 TNT", PF INT 01 USING "e"' #0"*" ,J?.
'2o r I1,:T *I "ALPHA Cl-Y INT" PRINT *: USING , #e f* ',, .. .

452C PF 7-T P1 "ALPHA TET INT", PRINT 0I USING "*0* 0*" J!
5.54 C FRI'T 1 "01 ALPHA rNT", PRINT 0! USING "*1* .5"j

" 50 PPI*- *I "vol OF FILP", PRINT it UCTNC "I 0 -"+ v.--"45.60 FrnIIT eP FRI!Nr NtI:i::::

7 . , PP *,;- . #I "PHFPNT4NTHRENr DATA INP'UT"
- cr R .: *r "YME'e£ INTrCr.L" PRIT #I U iNG "WO "" , Rrl.-
4S90 PPI'T 01 "AFO,AT!C INT", PRINT 01 USING " 0* #0*",NNI
.,600 PRI fT 01 "A. LPiA Cv-! I!T" . PRINT #1 USING "0t #0 " , 2NN2
*i-.0 PRI'NT 0 "AlPHYA. C! INT" PRINT 01 USING "RO #*V 'S" ;NN3

I, " ' F r I: ', IP HA CT! INT" PRINT 01 USING+ "PIP,# 00" "N- .

Zf.*O PR I"T 01 "A fPHA T F '  NT" PRINT 01 USING " P %" ,N5 " '.'"-'
.4' rRtI,'  N! "0 ALPHA TINT", PRIIIT 0' USING " # 0 P' Nt:'Ii



650 PR INT *1, "VOL OF FILE", PRINT 01 USING "##4*0.0000;VV3 A
4-' PRIN7 tl, "MOLAR CONC or HmDz-, PRINT 01 UEINC "0 #0*0*";M "~ K

#2C PRI V7 0!, "C-!2 ArOMATICITY",- PRINT #1 USING "S*###',;F1
c Ci r A .""THEN 4960

690 P RIN 1 7!\PR7N- #1
o0 RI xT *1, "ALKAME INPUT DATA"

30 PRINT 01, 'HMVIE INTEGRAL", PRINT *1 USING "#0t~ **$t**0;Rl a
720 PRINT C M C! NT" PRINT *1I US IN'C L*5 ?sso"L
--30 PRI1N7 #1 , "CH2 INT", PRI'T #1 USINO "##t #04#00;1.2
.- 10 PRIN 11,1 CH INT". PRINT *1 USING "55 **50"LI-
J5 0 PR INT 01 , "E ST O'Ar.TERMARY CARBON! INT. RELATIVF TO CH TNT
1760 PR INT 0 1 USI KC "##* f##***"jA4
1*0 PRINT #1 , "VOL OF FILE: " PRINT *1 USING "###.####*";V1
V.-' 0 P R!II *2r 0, "LIVEAR ALKANES ASSUMED FOR NORMAL IZAT:0ON: ",L
1790 CHO-12 011\CH!I91 (%l!79\CH2=I4 026B\C]H9-.I5,0347

1,'l0 D)I=T'*CH! +T2'CH+T3*CHO+X3*CH3+X2*CH2+XI*CH1.TS*CH2.T6*CH3
1920 FL=LI*CHI +L2*CHO+L3*CHO+H3*CH3+H2*CH2+RS*CHZ2+R9*CH3+RR7*CH2
ILP0 flI.TTI 'CHI TT2*CH0.TT3*CHD+XX3*CH3+XX2'CH2+TT5*CH2+TT6*CH3b
1 60 -ALe-ASCH2
IV30 TOTAL=MONO+DI+FL+PH+AL
1855 ALEB=B 'CH3+B2*CH2.93*CHI
U'56 TOTAL2=MONO+DI+FL.Pti.ALBB
1.60S MONOPCdlONO/TOTAL*100
I87 0 DIPC=DI/TOTAL'l00
10.o 'ELPC=FLITOTAL'100
4 10 PKPC'=PH/TOTAL'00
q v0 0 ALPCrALITOTAL*100
1905 ALBBPCwALBB/TOTAL2*l00
6. 10 1PR INT *1, "ALKANE WT. % , PRINT *1 'USING "##4.#000";ALPC
41h0 PR I NT 411, 'MONOCYCLIC WT. % - . PRINT 01 USING "#*#..oss..";MONOI'C
6936 RBINT 01 :! DICYCLIC WT. -% w , .1iRINT *IAJ_-SING '00*.##**6'DIPC
V:40 ZR II NT01, "FLUORENE WT. % = " 'PRINT it-U~SING "##0.00000";FLPC
4' 5 0 VR I NT #1, "PHENAN. WT. % w " PRINT 01 USING "###.00#4";PHPC
69 55 PRINT 01, -"ALKANE WT. %(METHOD 2)= -- PRINT 01 USING "00*0'ALBBPC
4Y60 REM
4670 REM Routine to end the pgm and sign off.
4,20 REM
6990 CLOSE 01 :CLOSE 02 :CLOSE #5
5-.00 TEXT (200,100,"Have a glorious day!!!",2)
5. 10 END
5020 REM
5^3 0 REM This is the subroutine to edit th~e input screens.
5-40 REM
5050 AS.
'IDe0 COLUV-i6
t .7 0 IF COLU'6 THEN COLU-6
5'. 80 IF COLU 20 THEN COLU=20
501C LOCATE COLU.!5 INPUT '"At
5-00 LOCATE COLU,55 PRINT SPACE$(10);I
5.,10 IF A "NEXT" THE' COLtY=CCLU+2 COTO 5070
5 1 20 IF At-"FREV" THEN COLV=COLU-2 COTO 5070
1,3 0 IF Al.."SCRN" THEN RETURN

5- 40 IF At-"CHANGE" THEN 5150 ELSE 5070
5 50 REP' Sec tior. to replace the number
!160 LOCATE COLU,45 PRINT SPACES(30);
5w.. LOCATE COLU,4! INFUT '-;DUMMY

8IF COLU-Y6 THEN R=DUMMY COTO 5070
5190 IF COLI? P THEN A=Dt'mmy GOTO 5070
5': 00 IF COLUzIO THEN A3-DUMMY COTO 5070



.- - - • • . • . .-. . _,-.- -,-; '=, .. ;..-£ C , -T- - ,. N "W k p_ I= p,-.p I.?- .

5210 IF COLU=12 THEN A2=DUMMY GOTO 5070
5'ZV IF COLU--4 THEN At-DUMMY COTO 5070 ,; " .

5 0 I r COL' -16 THEN T=DUMMY COTO 5070- " - -

520 IF COLU=18 THEN G=DUMMY COTO 5070

_2" 0 IF COLU=20 THEN V.DUMMY COTO 5070 ".

O COTO 5070 -_-. 0 REM '"

528C REM This is the subroutine t c edit the second type cf ir.puk screen.

5, ?0 REM

53 10 COU= I"
5o 2 r COLL' I1 TPEN COLU ! I
Zo 0 I F COLU>13 THEN COLIJ=13
5 40 LOCATE COLUT55 INPUT .. A. -S-4
-350 LOCATE COl,55 PRINT SPACF'10 : -- "-
57-6 0 IF A --"ZEXT" THEN CCLU COE.U ? COTO 15320
5.70 IF AS="PREV" THEN COLU--COLU-2 • COTO 5320

5380 IF AI-"SCRN' THEN RETURN
5A690 IF AS=CHANGE" THEN 5400 ELSE 5320

5"00 REM Section to replace the number.

5410 LOCATE COLU,45 PRINT SPACES(30);

5420 LOCATE COLU,45 INPUT "";DUMMY

5 30 IF COLU=II THEN M=DUMMY COTO 5320

5.-40 IF COLU=13 THEN FI=DUMMY GOTO 5320

5450 COTO 5320

S-60 RE'!

5-:-70 REI This is the subroutine to edit the third screen.
5480 REM

1490 A .
0-00 COLU=6 RROOWW=70

10 iF COLU(6 THEN COLU=6

5520 IF COLU)IA THEN 5710
I 30 LOCATE COLURROOWW INPUT "';A$
. 40 LOCATE COLURROOWW PRINT SPACES(15);

5550 IF A$-"NEXT" THEN COLUwCOLU+2 COTO 5510

-. 60 IF A$="PREV" THEN COLU=COLU-2 GOTO 5510

D70 IF A$="SCRN" THEN RETURN

5580 IF A$="CHANGE" THEN 5590 ELSE 5510

5590 REM Section to replace the number.

f-,00 RROOW=60

-,10 LOCATE COLURROOWW . PRINT SPACES(iS)-

5620 LOCATE COLU,RROOWW INPUT .. ;DUMMY

L30 RROO7W=?0

) 40 IF COLU=6 THEN R=DUMMY GOTO 5510

5i5c ir COLU=8 THEN A3=DUMMY COTO 5520
'i60 IF COLU=10 THEN A2-DUMNY COTO 5510
-. 7C Ir COLUI 1 2 Tl-iE. A, DUMY COTO 5t10
--68C IF C02U:14 THEtl A4=DUMNY COTO 5510

!-t90 : CCLV: 16 THEN V-DUMMY GOTO 5510

-'70C COTe 5510
" lC lET' If got to here mu. t  want to edit the string variable

5720 L0 ATE 19,77 INPUT -. ',A!-
o.7=0 LOCATE 19,77 PRINT EFACET (10,

' 4C IF Al-"PREV" THEN COLU--16 GOTC 5510
5750 IF A.="SCRN" THEN RETURN
k.760 IF A$--"CHANCE" THEN 5770 ELSE 5720

..- 7 7 C LOCATE 19,75 PRINT srACE-(',

e 0 LOCATE 19,75 INPUT "", L
5790 OTO 5 10

900 REM

. -.- . ' ,- "... .. ,- - .~ ~ j ,- . . - . ,'. ,. .. . , - - . . _,- -. . -. . .*.. _ii.-



5810 REM This is the subroutine to get the parameters frcor a file. A
5 81;,0 REM r -

?%,'0 LOCATE 12, 14
56 40 PRINT "What is the name of the file that you wish to usel"
58. 0 LOCATE 13,38 : INPUT "";FLNAM$
5 '0 IF FLNAMr="' THEN FLNAM,=N$+". DAT"

0 LOCATE 12,10 : PRINT SPACES(320) ;.
5880 OPEN FLNAM$ As FILE #2
5'0 FIELD #2, 12 AS NIS, 12 AS N2S, 12 AS N3S, 12 AS N4- 12 AF 15S
5 9r0 RETURN
59 1 0 REM -- -

59&0 REM Subroutine to get the inputs frcm the disk

5 i:0 GET 02, RECORD RECNUM : R=CVTSF(N1$) A=CVT#F(N2 ) A3zCVTrF(N3$)
5950 A2=CVTtF(N4$) Al=CVTSF(N5$)
5 -:0 GET *2. RECORD RECNUM+2 : T--CVTsF(NI,) G-CVT.F(N2 ) VCVTsF(N3.)
5r- 0 RETURN

15 9e o0 REM 

-. ,-_

59.0 REM Subrout ine -o place the parameters back in the file.

6(,0 REM
6(i'0 LSET NlSCVTF$(R) :,LSET f42S-CVTFS(A) LSET N3$SCVTFS(A3)
6020 LSET N45=CVTF$(A2): LSET N5$=CVTFS(A1)

:6 C -- PUT #2, RECORD RECNUM
6(.0 LSET NIS=CVTF$(T) LSET N2S=CVTF$(G) LSET N3S=CVTFS(V)
6050 LSET N4$=" " LSET N5$="

6F'0 PUT ,2, RECORD RECNUM+1
6( 0 RETURN
6080 REM . :-"

6090 REM This is the subroutine to clear the screen between input pages.

64 REM 3-0 LOCATE 3,0 : PRINT SPACES(79)..

6120 FOR KKI.6 TO 23 STEP 2
6-.40. LOCATE KKI,44 PRINT SPACES(30);
6 0-~ NEXT KKI
6150 LOCATE 23,17 PRINT SPACE4(60);

6t60 RETURN6 60 REM

6 'd REM This is the subroutine to assign the softk~ys.
6190 REM It is executed on the first run of the pgm only!!!
6 -. 0 REM
6 ."0 DI FPK%(30)
6220 OPEN "OKPD" AS FILE #5
6_ 30 CLS
6 10 DATA "EDIT", .. " ," ","NEXT", "PREV", 'CHATIGE" . , .. ". ,"SCRN"

6250 READ NAMES(I) FOR I=1 TO 10

6- 7C FPKL 3 )=O •
6" 20 FFKI,. ' 4 ) =2
6200 FOR I-! TO it'

6,'.- 0 FPK% , LE (NAMES (I))
4?20 FOR J-1 TO FFKO) (!)

.- ',40 NEXT J
6,350 FPK'-J+S)s13
6360 rFKI/,6)=0
6'..70 CALL SYGFUNC(5 FP %(1)) "
.- e0 NEXT I - .

6390 CO!'1B 6 420
&"C 0 RrTUR,

2. , ".- . " . ..-
S- J ,_ .. .. _- _," .' .'-.-. -_- ,-*. - . . .'. : . , . . . . . , .... - . .'. .',.-. . . . . . . . . .- *



C4 0 END h:.
6420 REM

4 0 RrM This is the subroutine to lable the scftkeys

4 o REM
1450 R crTO .. r
d0 FOR 1I I TO 10

7 70 Cl ,AD NAME.
4 8 0 TEXT ((TIT I-I )*72+40, .0 NAMES
AC90 NEXT I 1 '.-

-. 0 0 RETURN

i o REm
6 -0 REI.  This is th.e subroutine to subr tact out tfhe "l nl: integreI"

4 I,:OFC 2=00 Number cf Scarns for fi le
=5C FN, 1GA -- n 006C IINOEC BIan; #1 0. 6C - 2 00 ppmI

• C I'; 1AM- 0 00651/NO C: Blank 01 0 60 - 1 95 ppr.
7 C ENY. ICH .C 00134/N0SC Blank #1 2.90 - 3.10 p p.

c 0 ENKIMA-0 .0104/NOSC Blank *1 6.30 - 7 .50 pp r,
6590 BNKINA=0 10 4INOSC I Blank *1 6.70 - 8 .50 ppm b
.-.00 BNK2GA=0. 16071NOSC Blank *2 0.60 - 2 .00 ppm

S16 BNK2AM=0.14931NOSC Blank #2 0.60 - 1 .95 ppm
6620 BNK2CH=O .OI15INOSC I Blank 2 2 .90 - 1 .0 ppm
S30 BNK2MA=0.0721NOSC I Blank 02 6 30 - 7 .50 ppm

.-S40 BNK2NA=0. 1122NOSC I Blank #2 6.70 - 8 50 pp, Tr

r650 RETURN
6660 REM
• 70 REM Section to subtract out the blank from Monocyclics. .,. .

,' 8 B0 REM

6690 IF BLANK(I OR BLANK>2 THEN PRINT "ERROR IN BLANK SUBROUTINE" : COTO 4960
.?OO IF BLANK=2 THEN 6730

1bo G=G-(V*BNKIAM) AI=Al-(V*BNKICH) : A=A-(V*BNKIMA)
6720 RETURN O .

A730 GwG-(V*BNK2AM) : AI=AI-(V'BNK2CH) : A=A-(V*BNK2MA)
--140 RETURN '.
*150 REM

6760 REM Section to subtract out the blank for Napthelenes and higher.

b? 70 REM
80 IF BLANK(l OR BLANK>2 THEN PRINT "ERROR IN NAPTH & HIGHER " GOTO 4960

6790 IF BLANK=2 THEN 6820

.30G-G -(V*BNKIGA) A=A-(V*BNKINA)
>.'10 RETURN

6820 G=G-(V*BNK2GA) : A=A-(V*BNK2NA)
f 30 RETURN

..............................................- :->.---.....-.-.:.
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